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Abstract 
The InSb films was grown on the patterned Si(001) substrate with line and space along with [110] direction without V-shaped 
grooves. In spite of the large lattice mismatch of about 19.3% between InSb and Si, the InSb film was heteroepitaxially grown on
the line-shaped <001> surfaces. The InSb(004) peak in the XRD (χ=0o) patterns of the film became larger with decrease in the 
space width between the line-shaped <001> surface. From the relation of the degree of heteroepitaxy and the areal ratio of the 
line-shaped <001> surfaces, we found that the InSb crystals were heteroepitaxially grown not only on the line-shaped <001> 
surface but also on the space region between the line-shaped <001> surfaces in the case of narrower space width (at least < 3μm). 
However, the full width at half maximum of the InSb(004) peak indicates poor crystal quality of the films. The scanning electron
microscope images of the InSb film grown on the patterned Si(001) substrate with 3μm space width showed a lot of grain on the 
surface.  
PACS: 81.15.Gh, 81.15.-z; 61.05cp 
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1. Introduction 
Recently InSb has attracted much attention as a candidate material for ultra-high speed and very low power 
device application [1]. The fabrication of InSb-based devices on Si substrate is very important from a view point of 
integration with Si-LSI. However, it is very difficult to achieve due to the large lattice mismatch between them, 
especially on Si(001) surface.  
We have reported that the heteroepitaxial growth of InSb films on Si(001) substrate with V-shaped grooves, 
which composed from two <111> surfaces [2]. In this case, there are line-shaped <001> surfaces between the V-
shaped grooves on the surface. The X-ray diffraction (XRD) patterns of InSb films showed the intense InSb(004) 
peak, indicating epitaxial growth on Si(001) substrate without any buffer layers. This imply that the InSb films grow 
heteroepitaxially on the <111> surfaces of the V-shaped grooves, and the <001> planes of the InSb films face 
toward the normal direction of Si(001) substrate. However, the relation between the peak intensity of InSb(004) 
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peak and the areal density of the line-shaped <001> surfaces didn’t match, especially in the samples with narrower 
space width. In other words, even if the samples with narrower space width, which has large areal ratio of <001> 
surfaces, showed the intense InSb(004) peak. This result may show the heteroepitaxial growth of InSb on the line-
shaped <001> surfaces.  
In this work, we report the heteroepitaxial growth of InSb films grown on the line and space patterned Si(001) 
substrate (i.e. without the V-shaped grooves). 
2. Experimental 
A molecular beam epitaxy (MBE) chamber with a base pressure of about 2x10-8 Pa was used for all the 
deposition. The substrate with a dimensions of about 15 x 15 x 0.6 mm3 was cut from a p-type Si(001) substrate 
with 100nm-thick SiO2 film. The line and space (LS) structure along with [110] direction was patterned on the 
100nm-SiO2/Si(001) substrate using photolithography and reactive ion etching (RIE) using CF4 gas. The RIE 
procedure was performed under the condition of 20 Pa and 50 W for 3.8 min. In this case, the height of the line 
patterns is about 300nm. The space width of LS was varied from 3 to 10 μm. The line width of SiO2 layer of all 
samples was fixed to 1 μm. Before loading the patterned substrates into the chamber, they were dipped into the HF 
solution to remove the line-shaped SiO2 layer. Then they were annealed at 900 
oC for 20 min in the vacuum 
chamber to obtain a clean surface. High purity (6N) elemental indium (In) and antimony (Sb) were used as source 
materials and evaporated from each cell. The growth of InSb was performed by two-step growth procedure. In the 
procedure, the first layer was grown at 240 oC for 30 min, and the second layer was grown at 420 oC for 2 hours. 
During elevating the substrate temperature for the second layer deposition, the shutter of the cells was closed. The 
total film thickness was about 0.7 μm on the line-shaped <001> surface. For structural analysis, the InSb films were 
characterized by XRD using Cu-Kα1 radiation. In the XRD measurement, we took two types of 2θ/ω scan pattern to 
check the heteroepitaxial growth of InSb films on the SI(001) substrate. The samples were set on the holder to be the 
line-shaped patterns in parallel to the incoming X-ray. The degree of the heteroepitaxy is defined as the XRD peak 
intensity ratio of InSb(004) peak to that of the summation of each InSb-related peak The surface morphology and 
cross-sectional image of the samples were observed using scanning electron microscopy (SEM).  
3. Results and Discussions 
Figure 1 shows the XRD (χ=0°) patterns of InSb films grown on the patterned Si(001) substrate. Here, the χ axis 
is perpendicular to the ω axis, and parallel to incident direction of X-ray at ω=0o. In this case, the crystal orientation 
of the films to the growth direction is shown in the patterns. The width between the line-shaped <001> surfaces is 
(a) 3, (b) 5, (c) 10μm, respectively. As shown in Fig. 1(c), the sample grown on the patterned Si(001) substrate with 
10 μm-space shows many InSb-related peaks, indicating polycrystalline nature. This pattern is similar to that of the 
sample directly grown on Si(001) substrate [2]. However, the intensity of InSb(004) peak is increased with decrease 
in the space width. This means the heteroepitaxy of InSb film directly grown on the Si(001) substrate without any 
buffer layer. Rao et. al. has reported the heteroepitaxial growth of InSb films on Si(001) substrate. But they used 
Si(001)-4x3-In surface reconstruction as template layer [3]. They also used two-step growth procedure, because the 
4x3-In surface reconstruction is destroyed at higher temperature. Because we didn’t deposit the In atoms prior to the 
first layer growth, this heteroepitaxial InSb films on the line-shaped <001> surfaces isn’t due to the growth via the 
4x3-In surface reconstruction. The InSb film on the patterned Si(001) substrate with 3μm space width is 
heteroepitaxially grown at higher temperature of 420 oC without any buffer layer. The degree of heteroepitaxy is 
also increased from 8.1% to 86%. The areal ratio of the line-shaped <001> surfaces to the surface of the Si(001) 
substrate is 9.1 % for the sample with 10μm-space, 16.7% for the sample with 5μm-space and 25% for the sample 
with 3μm-space, respectively. The degree of heteroepitaxy and the areal ratio of the line-shaped <001> surface are 
almost same between the samples with 5 and 10μm-space. This means that the heteroepitaxial InSb films can be 
grown on the line-shaped <001> surface, which width was limited. On the sample with 3μm-space, the degree of 
heteroepitaxy of 86% is quite larger than the areal ratio of <001> surface of 25%. This implies that InSb crystals 
were heteroepitaxially grown not only on the line-shaped <001> surfaces but also on the <001> surfaces with the 
narrower width (at least < 3μm). 
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Fig. 1 XRD (χ=0o) patterns of InSb films grown on the patterned Si(001) with space width of 
(a) 3μm (b) 5μm, (c) 10μm, respectively. 
The XRD (χ=54.7 o) patterns of the InSb films grown on the patterned Si(001) substrate are shown in Fig.2. The 
angle of 54.7 o corresponds to that between <111> and <001> planes. So, the crystal orientation of the films grown 
Fig.2. XRD (χ=54.7o) patterns of InSb films grown on the patterned Si(001) with space width of 
(a) 3μm (b) 5μm, (c) 10μm, respectively. 
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on the patterned Si(001) is shown in the patterns. As shown in Fig.2(a), there are only two InSb peaks related with 
<111> and <333> planes, meaning the heteroepitaxial growth of the InSb films on the patterned Si(001) surface. 
The Intensity of the InSb(004) peaks is decreased with increase of the space width, because of decrease of the 
heteroepitaxial InSb films on the patterned Si(001) substrate. 
Figure 3 shows surface morphology and cross-sectional images of the InSb film gown on the patterned Si(001) 
substrate with 3μm-space. For guide to the eyes, the boundary of the line-shaped <111> surfaces are shown by 
dashed lines. As shown in Fig.3(a), the surface is consists of a lot of grains. There are no obvious differences in the 
surface morphology between the crystals grown on the line-shaped <001> surface and that on the space region. 
From the image of Fig.3(b), the height of the line pattern is about 300 nm. The side wall of the line pattern doesn’t 
cross right angle. The width of line-shaped <001> surface also seems to be less than 1μm. This may originate in the 
isotropic etching during RIE process. It may have to rethink the RIE etching condition. The influence of this curved 
side wall is necessary to clear in future.  
Fig.3. SEM images of the InSb film grown on the patterned Si(001) substrate with 3μm-space. 
(a) top view, (b) cross-section 
Li et. al has reported the heteroepitaxial growth of high quality GaAs films grown on the LS patterned Si(001) 
substrate with aspect ratio >1 [4]. In their aspect ratio trapping (ART) growth method, the dislocations appeared on 
the space regions are trapped at side walls of LS structure, and doesn’t propagate upper region of the films. The 
heteroepitaxial growth of the InSb films on the line-shaped <001> surfaces with limited width may imply the 
possibility of application of their growth method to the growth of InSb on Si(001) substrate. 
4. Conclusion 
The heteroepitaxial growth of InSb films grown on the line & space patterned Si(001) substrate along with [110] 
direction was investigated. From the results of the XRD patterns of the InSb films, we found that the InSb films are 
heteroepitaxially grown not only on the line-shaped <001> surfaces, on which it is difficult to grow epitaxial InSb 
films, but also on the space region with narrower width (at least < 3μm) between the line-shaped <001> surfaces.  
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